The present study was designed to compare the homeostasis model assessment (HOMA) and quantitative insulin sensitivity check index (QUICKI) with data from forearm metabolic studies of healthy individuals and of subjects in various pathological states. Fifty-five healthy individuals and 112 patients in various pathological states, including type 2 diabetes mellitus, essential hypertension and others, were studied after an overnight fast and for 3 h after ingestion of 75 g of glucose, by HOMA, QUICKI and the forearm technique to estimate muscle uptake of glucose combined with indirect calorimetry (oxidative and non-oxidative glucose metabolism). The patients showed increased HOMA (1.88 ± 0.14 vs 1.13 ± 0.10 pmol/l x mmol/l) and insulin/glucose (I/G) index (1.058.9 ± 340.9 vs 518.6 ± 70.7 pmol/l x (mg/100 ml forearm) -1 ), and decreased QUICKI (0.36 ± 0.004 vs 0.39 ± 0.006 (µU/ml + mg/dl) -1 ) compared with the healthy individuals. Analysis of the data for the group as a whole (patients and healthy individuals) showed that the estimate of insulin resistance by HOMA was correlated with data obtained in the forearm metabolic studies (glucose uptake: r = -0.16, P = 0.04; non-oxidative glucose metabolism: r = -0.20. P = 0.01, and I/G index: r = 0.17, P = 0.03). The comparison of QUICKI with data of the forearm metabolic studies showed significant correlation between QUICKI and non-oxidative glucose metabolism (r = 0.17, P = 0.03) or I/G index (r = -0.37, P < 0.0001). The HOMA and QUICKI are good estimates of insulin sensitivity as data derived from forearm metabolic studies involving direct measurements of insulin action on muscle glucose metabolism.
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Introduction
The control of body glucose homeostasis is mainly due to two closely related physiological mechanisms, i.e., the capacity of the pancreas to secrete insulin and the biological action of this hormone on insulin-sensitive tissues, especially liver, muscle and adipose tissue (1) . It is well known that in various human pathological states such as type 2 diabetes mellitus, glucose intolerance, obesity, polycystic ovary syndrome, essential hypertension, metabolic syndrome and, more recently, atherosclerosis, insulin resistance (IR) is frequently an associated condition or is considered to be a predictor or pathogenetic factor (2,3). There is also much evidence that defects in insulin secretion occur in these pathological states (4) .
Therefore, it is important to have methods to estimate insulin secretion and sensitivity in the human body (5) . Previous studies have shown that the most adequate methods to evaluate insulin secretion and its defects are the hyperglycemic clamp and the intravenous glucose tolerance test (6) (7) (8) . The euglycemic hyperinsulinemic clamp technique is the reference and best method for quantifying insulin sensitivity or resistance in vivo because it directly measures the effects of insulin on glucose utilization under steady state conditions (6) . In contrast, the forearm technique to estimate muscle glucose metabolism combined or not with indirect calorimetry directly analyzes the biological action of insulin on a metabolically active tissue, the muscle, and represents a good method to evaluate insulin sensitivity or resistance (9) (10) (11) (12) (13) (14) (15) (16) . However, these methods are not easily applied in large-scale or routine clinical investigations because they are laborious and expensive. Thus, several alternative and simpler methods have been recently proposed. These include the homeostatic model assessment (HOMA) (17, 18) and the quantitative insulin sensitivity check index (QUICKI) (19) (20) (21) .
On the basis of these considerations, the objective of the present study was to compare the HOMA and QUICKI with data from forearm metabolic studies (muscle glucose uptake, oxidative and non-oxidative glucose metabolism and insulin/glucose (I/G) index) of healthy individuals and subjects in various pathological states, including type 2 diabetes mellitus, essential hypertension and others.
Subjects and Methods
The study was conducted on 55 healthy individuals and 112 patients in various pathological states, including type 2 diabetes mellitus (N = 20), essential hypertension (N = 9), acanthosis nigricans (N = 7), acromegaly (N = 12), hyperthyroidism (N = 11), congenital adrenal hyperplasia (N = 8), hyperprolactinemia (N = 8), polycystic ovary syndrome (N = 16), chronic renal failure (N = 11), and psoriasis (N = 10), whose characteristics of sex, age and body mass index (BMI) are presented in Table 1 . All subjects were asked to consume a diet containing a minimum of 200 g of carbohydrate for at least 3 days before the study. The protocol was approved by the Ethics Committee of the University Hospital, School of Medicine of Ribeirão Preto, USP, Brazil. Before giving their consent to participate, the volunteers were carefully informed of the nature, purpose and possible risks of the study. No side effects were observed in any of the patients or volunteers.
After a 12-to 14-h fast, the studies were initiated in the morning with the subjects resting in bed in the supine position at the Endocrine and Metabolism Unit of the University Hospital-FMRPUSP. The brachial artery in the left arm and a right antecubital deep vein were cannulated (10) . After an equilibration period of 30-60 min, forearm blood flow was determined by capacitance plethysmography (22) , and arterial and venous blood samples were drawn simultaneously to determine plasma glucose (23), total blood CO 2 and O 2 (24) , and serum insulin (25) . After this procedure under basal conditions, the subjects ingested 75 g of glucose dissolved in 300 ml flavored water, additional blood samples were collected and forearm blood flow determinations were made at 30, 60, 120 and 180 min after glucose ingestion.
The amount of substrate taken up or released by the forearm within a determined period of time (Q) was calculated using the following equation: Q = F (A -V), where F is the forearm blood flow and A and V are the arterial and venous concentrations of the substrate, respectively. Blood flow and the arteriovenous difference of glucose in whole blood were used to determine the forearm glucose uptake rate. The whole blood glucose concentration was calculated from the plasma glucose level by the formula: whole blood glucose concentration = plasma glucose concentration x (1-0.3 hematocrit) (26) . The relationships between the arteriovenous differences in CO 2 and O 2 were used to determine the respiratory quotient. The Lusk tables were then used to obtain the carbohydrate and lipid oxidation rates (27) . The amount of glucose taken up or oxidized during the 3 h of the experiment was estimated by the determination of the areas under the curves of the rates of glucose uptake and glucose oxidation, respectively. Non-oxidative glucose metabolism was calculated as the difference between glucose uptake and glucose oxidation. The I/G index was calculated as the ratio of insulin response (area under the curve of serum insulin-pmol/l) to the forearm glucose uptake (mg/100 ml forearm) during the 3 h of the study.
Using the fasting serum levels of glucose and insulin, the HOMA estimate of IR was determined by the following formula: IR = insulin (pmol/l) x glycemia (mmol/l)/135 (28) and the QUICKI index was calculated by the formula: 1/[log insulin (µU/ml) + log glucose (mg/dl)] (19) .
Results are reported as means ± SEM. Data were analyzed statistically by the Wilcoxon-Mann-Whitney test (29) or Student ttest (29) and correlations were assessed by a non-parametric test (Spearman) (29) . P < 0.05 was considered to indicate statistical significance.
Results
Mean BMI values did not differ significantly between the group of healthy subjects and the group of patients in various pathological states, while the patients showed greater mean age values than the group of healthy subjects (P < 0.05; Table 1 ). The patients showed higher values of HOMA-IR estimates and I/G index than the values of healthy individuals. As expected, the patients revealed decreased QUICKI values when compared with normal controls (Table  1) . There was no difference in the amounts of glucose taken up or oxidized or utilized by non-oxidative pathways during the 3 h of the forearm study between the normal and patient groups. 24.6 ± 1.2 23.5 ± 0.3 23.8 ± 0.4 HOMA-IR (pmol/l x mmol/l) 1.13 ± 0.10 1.88 ± 0.14* 1.60 ± 0.10 QUICKI ((µU/ml + mg/dl) -1 ) 0.39 ± 0.006 0.36 ± 0.004* 0.37 ± 0.003 I/G index (pmol/l x (mg/100 ml forearm) -1 ) 518.6 ± 70.7 1058.9 ± 340.9* 882.1 ± 237.3 Glucose uptake (mg/100 ml forearm)
103.3 ± 6.9 102.1 ± 5.9 102.5 ± 4.7 Glucose oxidation (mg/100 ml forearm) 24.2 ± 1.7 28.9 ± 2.3 27.3 ± 1.7 Non-oxidative metabolism (mg/100 ml forearm) 76.8 ± 6.6 75.8 ± 4.5 76.2 ± 4.1
Data are reported as means ± SEM. BMI = body mass index; M = male; F = female; I/G = insulin/glucose index; IR = insulin resistance. *P < 0.05 compared to normal subjects (Wilcoxon-Mann-Whitney test).
Analysis of the data for the group as a whole (normal subjects and patients) revealed a statistically significant correlation between the estimates of IR by HOMA and the data of the forearm metabolism studies (glucose uptake: r = -0.16, P = 0.04 ( Figure 1A) , nonoxidative glucose metabolism: r = -0.20, P = 0.01 and I/G index: r = 0.17, P = 0.03 ( Figure  1B) . The comparison of QUICKI values with data obtained in the forearm metabolic studies showed a significant correlation between QUICKI and non-oxidative glucose metabolism (r = 0.17, P = 0.03) and QUICKI and I/ G index (r = -0.37, P < 0.0001; Figure 1C ).
Discussion
Because of the frequent association of IR as a predictor or pathogenic factor of various human pathological states such as type 2 diabetes mellitus, glucose intolerance, obesity, essential hypertension, polycystic ovarian syndrome, atherosclerosis, and metabolic syndrome, it is important to have methods to estimate insulin sensitivity in the human body (5). The euglycemic hyperinsulinemic clamp technique is the reference method for the quantification of insulin sensitivity or resistance in vivo in the whole body (6), while the forearm technique used to estimate muscle glucose metabolism directly analyzes the biological action of insulin on a metabolically active tissue, the muscle (30) . However, since these methods are not easily applied in largescale or routine clinical investigations, several simpler methods have been recently proposed, such as HOMA and QUICKI estimates (17, 19) .
In the present study, for the first time in the literature, we compared data from forearm metabolic studies of healthy individuals and subjects in various pathological states involving different alterations in insulin sensitivity, with estimates obtained by the HOMA and QUICKI methods. We observed that in the whole group of subjects (normal and patients) the parameters of the forearm C QUICKI study, particularly the I/G index and the nonoxidative glucose metabolism, were significantly correlated with the HOMA and QUICKI estimates of IR and sensitivity, respectively. The correlation was statistically significant but weak. The I/G index, obtained during the forearm studies as the ratio of the area under the curve of serum insulin concentrations and the area under the curve of muscle glucose uptake, increased when more insulin was necessary to establish a determined rate of glucose entry into the muscle cell. Then the I/G index directly reflects the degree of IR in muscle tissue, and therefore its correlation with HOMA-IR is significant and positive while the correlation with QUICKI is significant and negative. The rate of muscle glucose uptake and even more the non-oxidative metabolism of glucose inside the muscle cell are metabolic processes directly sensitive to insulin. As expected, the amount of glucose utilized during the forearm studies by the non-oxidative pathway inside the muscle cells of the subjects correlated positively with the QUICKI value and inversely correlated with the HOMA estimate. It is important to emphasize that the statistical significance of the correlations was higher when we compared the HOMA and QUICKI estimates with the I/G index, that better reflects the degree of IR in muscle tissue. The HOMA estimates of IR and ß-cell deficiency are derived from a mathematical model of the glucose-insulin interactions in a feedback loop in the steady-state basal condition (17) . These interactions involve ß-cell secretion of insulin and its action on liver and peripheral tissues. The QUICKI is also defined by a formula applied to fasting insulin and glucose data, and the changes detected in this index are mostly related to insulin sensitivity estimated by the hyperinsulinemic euglycemic clamp in the whole body (19) . The forearm studies specifically analyze the action of insulin on peripheral tissues, particularly muscle tissue (30) . The significant correlation between the forearm studies data, involving mainly insulin sensitivity in muscle tissue, and the HOMA and QUICKI estimates of insulin sensitivity in the whole body indicated that in the pathological situations included in our study IR was present in muscle and probably in other metabolically active tissue such as hepatic and adipose tissue. Unfortunately, at present there are no well-defined cut-off points for HOMA or QUICKI that would permit the use of better statistical analysis such as kappa statistics for the analysis of the data.
